The ribonuclease H (RNase H) domain of retroviral reverse transcriptase (RT) plays a critical role in the life cycle by degrading the RNA strands of DNA/RNA hybrids. In addition, RNase H activity is required to precisely remove the RNA primers from nascent (À) and (+) strand DNA. We report here three crystal structures of the RNase H domain of xenotropic murine leukemia virus-related virus (XMRV) RT, namely (i) the previously identified construct from which helix C was deleted, (ii) the intact domain, and (iii) the intact domain complexed with an active site a-hydroxytropolone inhibitor. Enzymatic assays showed that the intact RNase H domain retained catalytic activity, whereas the variant lacking helix C was only marginally active, corroborating the importance of this helix for enzymatic activity. Modeling of the enzymesubstrate complex elucidated the essential role of helix C in binding a DNA/RNA hybrid and its likely mode of recognition. The crystal structure of the RNase H domain complexed with b-thujaplicinol clearly showed that coordination by two divalent cations mediates recognition of the inhibitor.
Introduction
In contrast to a proposed role as an etiological agent in prostate cancer (Schlaberg et al., 2009 ) and chronic fatigue syndrome (Lombardi et al., 2009; Mikovits et al., 2010) , a recent study has indicated that xenotropic murine leukemia virus-related virus (XMRV) arose through recombination following passaging human tumors in mice (Paprotka et al., 2011) . Nevertheless, XMRV, which is very closely related to Moloney murine leukemia virus (Mo-MLV), provides a legitimate example of a replication-competent gamma retrovirus capable of infecting human cells. Despite a wealth of information derived from in vitro site-directed mutagenesis studies, the single-chain gamma retroviral reverse transcriptase (RT) has been less studied in structural terms than the counterpart p66/p51 heterodimeric enzyme from HIV-1 and -2, and thus is deserving of more attention.
Almost all XMRV-encoded proteins have been cloned and expressed (Gillette et al., 2010) and structures of its protease (Li et al., 2011) and RNase H polypeptide have been determined. The latter is located at the C-terminus of RT, and the equivalent domain of the Mo-MLV enzyme retains activity when expressed in isolation (Schultz and Champoux, 1996) . The coordinates for a variant of XMRV RNase H have been deposited in the Protein Data Bank (PDB ID: 3P1G), but a corresponding publication became available on-line (Kirby et al., in press) only after this manuscript was submitted. Previously, the structure of the very closely related Mo-MLV RNase H has been published (Lim et al., 2006) . The constructs used in both investigations were modified by excision of helix C and the loop that follows, designated the ''basic protrusion'' (residues 595-605, numbered according to the sequence of XMRV RT). Although the structure of full-length Mo-MLV RT has been previously published, its RNase H domain was reported to be largely disordered and not contributing independent information about its conformation (Das and Georgiadis, 2004) . In addition, amino acid differences between the Mo-MLV and XMRV RT accumulate at their C-terminal region, leading to possible structural differences in their RNase H domains. We have thus initiated structural studies of full-length XMRV RNase H and of its complex with an inhibitor, the results of which are described here.
Materials and methods

Cloning, expression, and purification
The clone of wild type XMRV RNase H domain was constructed by PCR using primers (P1: 5 0 -GGA TCC GAG ATC TTG GCT GAG ACG CAC GGA ACC-3 0 ; P2: 5 0 -GAA TTC TCA GAG GAG TGT AGA GGT TTC TAG AAC TGC-3 0 ) containing BamH1 and EcoR1 restriction sites, respectively. Amplified DNA was digested with BamH1 and EcoR1, gel purified, and ligated into BamH1/EcoRI digested pRSET-A expression vector. After transformation of Escherichia coli strain DH5a, six colonies were selected for DNA analysis, and insert evaluation was by restriction analysis and DNA sequencing.
Gene constructs encoding two variants of XMRV RNase H were prepared starting from the clone encoding the intact enzyme. QuickChange Site-Directed Mutagenesis Kit (Agilent Technologies) was used to introduce in parallel variants in which helix C was deleted (RNase H DC1 with residues 593-603 deleted; and RNase H DC2, in which residues 595-605 were deleted). One of these variants was identical and the other similar to the construct used for crystallization of the variant already deposited in the PDB (ID: 3P1G). The starting constructs contained two different affinity tags: His-RNase H (pRSET A) and GST-RNase H (pGEX 3X). All mutations were confirmed by sequencing.
Recombinant plasmids were transformed into E. coli strain BL21 (DE3) codon plus ril for expression tests. Three constructs, HisRNase H, GST-RNase H DC1, and GST-RNase H DC2 expressed at high levels. Large-scale expression of these constructs followed a similar protocol, utilizing LB media incubated at 37°C and shaken at 225 rpm. When the OD 600 reached 0.4-0.6, the culture was induced with isopropyl-b-D-thiogalactopyranoside to a final concentration of 0.5 mM and incubated for another 12 h at 20°C. Cells were harvested by centrifugation and resuspended in lysis buffer containing 50 mM Tris pH 8.0, 200 mM NaCl, 5% glycerol, and 6 mM b-mercaptoethanol, followed by lysis with a Microfluidizer. The supernatant was clarified by centrifugation, loaded onto a Histrap™ FF column (GE Healthcare) pre-equilibrated with binding buffer (identical to the lysis buffer), and eluted with a linear gradient of 0-0.75 M imidazole in binding buffer. Dilution buffer (50 mM Tris pH 8.0, 5% glycerol, and 6 mM b-mercaptoethanol) was added to fractions containing RNase H to bring the final salt concentration to 100 mM. Each sample was loaded onto a Hitrap™ Heparin HP column (GE Healthcare) and eluted with a buffer of 50 mM Tris pH 8.0, 1.2 M NaCl, 5% glycerol, and 6 mM b-mercaptoethanol. Fractions containing RNase H were collected and digested overnight at 20°C with enterokinase (enteropeptidase) to remove the His-tag. Cleavage efficiency was assessed with SDS-PAGE and the His-tag and uncleaved protein were removed using the Histrap™ FF column. The flow-through was collected and dialyzed into storage buffer (20 mM Tris pH 8.0, 200 mM NaCl, 5% glycerol, and 1 mM TCEP). Samples were concentrated to 15 mg/ ml and stored for future use at À80°C.
Purification of the RNase H variants DC1 and DC2 was performed using a slight variation of this protocol. Cells were harvested by centrifugation and resuspended in lysis buffer (20 mM Tris pH 8.0, 140 mM NaCl), followed by lysis with a Microfluidizer. The supernatant was clarified by centrifugation, loaded onto the GSTPrep™ FF 16/10 column (GE Healthcare) and eluted with a buffer of 50 mM Tris pH 8.0, 10 mM reduced glutathione. RNase H-containing fractions were combined and Factor Xa was added to cleave the GST tag. Proteolysis was performed at 20°C for 24 h and cleavage efficiency assessed by SDS-PAGE. RNase H was further purified using Hitrap Q FF and Hiload 16/60 Superdex 75 (GE Healthcare) columns. Purified proteins were dialyzed into storage buffer and concentrated to 25 mg/ml and frozen at À80°C for future use.
RNase H activity assay
RNase H activity was determined as previously reported (Budihas et al., 2005) Plates were incubated at 37°C in a Spectramax Gemini EM fluorescence spectrometer for 10 min, and the fluorescence (k ex = 475 nm; k em = 520 nm) was measured at 1 min intervals such that linear initial rates could be measured.
Protein crystallization
Crystallization conditions reported for the previously published structure of Mo-MLV RNase H (Lim et al., 2006) and of a variant form of XMRV RNase H (PDB ID: 3P1G) were used in initial experiments involving the two deletion variants. However, despite extensive optimization efforts, crystals of RNase H DC1 were of uniformly poor quality and unsuitable for data collection. For the variant DC2 long, needle-shaped crystals were obtained from 40% PEG1500, 100 mM Na citrate pH 4.7, and 5 mM MgCl 2 . Crystallization was carried out by hanging-drop vapor-diffusion method at 20°C by mixing 1 ll protein solution with 1 ll of mother liquor.
Unlike the variant forms of RNase H, full-length enzyme containing helix C has not been successfully crystallized in the past. An extensive search utilizing a variety of crystallization screens resulted in a hit from Precipitant Synergy 64 (Emerald BioSystems) condition 39 (40% PEG400, 10% PEG1000, and 0.15 M potassium phosphate dibasic/sodium phosphate monobasic pH 6.5). The initially obtained crystals were very small and irreproducible, but provided microseeds for further experiments. Diffraction quality crystals were obtained after seeding from 35% PEG3000, 15% MPD, 2% isopropanol, 0.2 M lithium sulfate, and 0.1 M imidazole pH 6.5. The microseeds, mother liquor, and protein solution were mixed at 1:2:3 volume ratio and incubated at 20°C. Crystals grew to a full size in 2-3 weeks. To prepare an inhibitor complex, crystals were transferred into reservoir solution with added 20 mM MnCl 2 and 2 mM b-thujaplicinol. An inhibitor soak was performed at room temperature for 2-4 h.
Data collection, processing, and structure refinement
Diffraction data were collected at the Southeast Regional Collaborative Access Team (SER-CAT) beamline 22-ID at the Advanced Photon Source, Argonne National Laboratory. Data obtained from a single crystal of RNase H DC2 were subsequently indexed, integrated, and scaled to 2.0 Å resolution with the program XDS (Kabsch, 1993) . The crystal belongs to the space group P4 1 with one molecule in the asymmetric unit. The estimated Matthews coefficient (Matthews, 1968 ) is 1.87 Å 3 Da À1 , corresponding to 34.5% solvent content. The structure was solved by molecular replacement with the program Phaser (Adams et al., 2002) using the XMRV RNase H variant structure (PDB ID: 3P1G) as a starting model. Further refinement was performed with REFMAC5 (Murshudov et al., 1997) and PHENIX (Adams et al., 2002) , using all data between 20 and 2.0 Å, after setting aside 8% of randomly selected reflections (747 total) for calculation of R free (Brünger, 1992) . Isotropic individual temperature factors were refined, with the TLS parameters added in the final stages of refinement. After several further rounds of automated refinement and manual correction using COOT (Emsley and Cowtan, 2004 ), the structural model was finally refined to an R-factor of 16.9% and R free of 19.8%.
Although the crystal of the wild-type RNase H used for structure determination was not single but consisted of several crystallites, it was possible to index the predominant lattice with HKL2000 (Otwinowski and Minor, 1997). Diffraction data were indexed, integrated, and scaled to 1.9 Å resolution. The space group was C222 1 with one molecule in the asymmetric unit. The estimated Matthews coefficient was 1.95 Å 3 Da
À1
, corresponding to 37% solvent content. The structure was solved by molecular replacement with the program Phaser using our coordinates of RNase H DC2 as a search model. Further refinement was performed with REFMAC5 and PHENIX, using all data between 30 and 1.9 Å, after setting aside 7% of randomly selected reflections (815 total) for calculation of R free . Isotropic individual temperature factors were refined, with the TLS parameters added in the final stages of refinement. After several further rounds of automated refinement and manual correction using COOT, the structural model was finally refined to an R-factor of 17.3% and R free of 21.7%.
Diffraction data for the enzyme-inhibitor complex were collected and processed using a protocol similar to the one reported for the uninhibited enzyme. The final model was refined to 2.8 Å resolution, resulting in an R-factor of 19.5% and R free of 27.2%. Data processing and refinement statistics for all three structures of RNase H are shown in Table 1 .
Results and discussion
Several constructs of the XMRV RNase H domain were prepared for this study. These included either a cleavable (His) 6 or GST tag fused to full-length protein and two of its variants. All three forms of the protein were stably overexpressed in E. coli and highly soluble. The full-length RNase H exhibited full RNase H activity, whereas the DC1 and DC2 variants were virtually inactive. Earlier reports indicated that it would be difficult to crystallize the intact RNase H domain including helix C, which plays an essential role in DNA/RNA substrate binding (Lim et al., 2006) . The earlier studies also suggested that helix C may play a specific role in vivo other than simple nonspecific substrate binding (Boyer et al., 2001; Telesnitsky et al., 1992) . Thus, although we obtained crystals of the two deletion variants identical or similar to those described previously, we continued our efforts to crystallize an intact RNase H domain. Such efforts were ultimately successful, resulting in diffraction-quality crystals that allowed data collection and processing to 1.9 Å resolution, although the crystal used to obtain such data was not single. The refined model consists of residues 503-667 (XMRV RT numbering). The structure of the variant DC2, comprising residues 500-594 and 606-667, was refined to 2.0 Å. Both models were validated with the program PROCHECK (Laskowski et al., 1993) which showed more than 95% residues falling within the most favored regions and no residues in the disallowed regions, indicating acceptable quality. In addition, the structure of a complex of the full-length RNase H domain with b-thujaplicinol was refined at a lower resolution of 2.8 Å.
3.1. The structures of XMRV RNase H The structures of XMRV RNase H with (Fig. 1a) or without (Fig. 1b) helix C are very similar, with the RMSD of 0.292 Å between the coordinates of the two proteins, calculated for 114 pairs of superimposed Ca atoms. Significant differences are limited to the region at the N-terminus and, not surprisingly, the area adjacent to the deleted a-helix. Unless otherwise specified, the structure of the full-length enzyme will be discussed in more detail below.
A molecule of XMRV RNase H contains a central b-sheet of four parallel strands (1, 3, 4, and 5) and one antiparallel strand (2), with five a-helices arranged on both sides (Fig. 1a) . Helices A, B, C, and D are located on one side of the sheet, whereas the long helix E is found on the other side. The overall structure of XMRV RNase H closely resembles its Mo-MLV (Lim et al., 2006) , E. coli (Katayanagi et al., 1990) , human (Nowotny et al., 2007) , Bacillus halodurans (Nowotny et al., 2005) , and HIV-1 (Yang et al., 1990 ) orthologs (Fig. 2) , the main difference being the absence of helix C in HIV-1 and B. halodurans RNases H. The corresponding residues were deleted in variants of Mo-MLV and XMRV RNase H for which structures were previously determined (Lim et al., 2006) . Superposition of XMRV and E. coli RNases H (Fig. 2a ) results in RMSD of 2.73 Å for 94 pairs of Ca atoms, whereas a corresponding superposition with the human RNase H results in RMSD of 3.03 Å for 103 Ca pairs. Helix E is longer in XMRV RNase H than its counterpart in the E. coli enzyme, whereas b-strands 3 and 2 are shorter. Differences also are seen in several loop regions, particularly those between 
, where I i is the observed intensity of the i-th measurement of reflection h, and hIi is the average intensity of that reflection obtained from multiple observations. c R = ||F o | À |F c ||/|F o |, where F o and F c are the observed and calculated structure factors, respectively, calculated for all data. R free was defined in (Brünger, 1992 ).
b-strands 1 and 2, as well as 2 and 3. Whereas helix C in both enzymes superimposes well, the basic protrusion that follows it is significantly different, even though of the same length (Fig. 2c) . The direction of the chains diverges, with the distance of 13.4 Å between the equivalent residues in XMRV and E. coli RNase H (Thr605 in the former and Ala93 in the latter). Minor differences are also evident in the loops between b-strand 3 and helix A, as well as b-strand 5 and helix E. The loop between b-strand 5 and helix E, designated the ''His-loop'', is close to the active site, thus the significant positional deviation between XMRV and E. coli enzyme leads to slightly different configuration of the catalytic core. A comparison of the XMRV and HIV-1 RNase H (Fig. 2b ) reveals that the largest difference occurs in the vicinity of helix C. The HIV-1 RNase H domain does not contain such a helix and the following basic protrusion, whose functional role was thought to be provided by the connection subdomain of the p66 RT subunit (Lim et al., 2006) . Helix E is longer in the XMRV RNase H than its counterpart in the HIV-1 enzyme. However, these two enzymes are quite similar in loop regions such as the His-loop, as well as in their N-termini. The RMSD between these two enzymes is 2.3 Å for 95 pairs of superimposed Ca atoms.
Due to the deletion, the DC2 variant structure does not contain helix C, and the adjacent basic protrusion loop (Cerritelli and Crouch, 1998) is smoother. This difference affects interactions between the enzyme and substrates (see below). A minor difference occurs at the N-terminal loop whose orientation differs compared to the full-length type enzyme. Since the N-terminal loop is close to helix C, and involved in interactions with this helix, its deletion obviously changed contacts among these residues and affected the structure at the N-terminus. The interactions between N-terminal residues and helices C, D, b-strand 4, 5, and the loop between helix D and b-strand 5 stabilize the conformation of N-terminal loop. In particular, the side chain of Arg506 can form three hydrogen bonds with the backbone atoms of Leu624, Pro627 and Lys628 (Fig. 3) , decreasing the flexibility of the linker between the DNA polymerase and RNase H domains.
3.2. Enzymatic activity and the structure of the active site -dependent RNase H activities of the p66/p51 HIV-1 RT heterodimer, the full-length XMRV enzyme and three variants of the XMRV RNase H domain. Under conditions used here, full-length XMRV RT was $5-fold more active than its HIV-1 counterpart. Activity of the intact RNase H domain was $70% of that of the parental XMRV enzyme and 3-fold greater than HIV-1 RT. In keeping with the proposed role for helix C in substrate binding, RNase H variants DC1 and RH DC2 were 10-to 25-fold less active than the intact RNase H domain. As an independent assessment of RNase H active site architecture, sensitivity of all enzymes to the natural product RNase H inhibitor b-thujaplicinol (Himmel et al., 2009 ) was determined in the presence of Mn 2+ (Fig. 4b) . For the full length enzymes and the intact XMRV RNase H domain IC 50 values ranged from 21 to 67 nM. In contrast, XMRV variants lacking helix C were considerably less sensitive to b-thujaplicinol, with IC 50 values of 0.68 lM (DC2) and 1.9 lM (DC1). Thus, data presented in Fig. 4 collectively illustrate that the integrity of the XMRV RNase H domain can be maintained in the absence of the DNA polymerase domain. The active site, comprising several acidic residues, is highly conserved in the RNase H superfamily. The catalytic core of XMRV RNase H comprises four carboxylate-bearing residues (Asp524, Glu562, Asp583, and Asp653), capable of coordinating two divalent cations. However, despite inclusion of 5 mM MgCl 2 in the crystallization mother liquor, no enzyme-bound ions could be detected in either the full-length RNase H or its DC2 variant. However, two Mn 2+ ions were clearly seen in the complex with the natural product RNase H inhibitor b-thujaplicinol, although the inhibitor itself was not well ordered. Previous investigations have shown that all four acidic residues are involved in coordinating the two metal ions, although only Asp524, Glu562, and Asp653 are essential for the catalytic activity . The adjacent residues include His638, Asn649, and Arg657. The distance between the side chains of His638 and Asp653 (CE1 to OD1) is 3.79 Å, 2.6 Å between Asn649 and Asp583 side chains (NH1 to OD1), and 2.26 Å between Asp653 and Arg657 side chains (ND2 to OD2). Previous studies revealed that mutating the equivalent residues of E. coli RNase H (His124 and Asn130) did not completely inactivate the enzyme, but rather resulted in a decrease of substrate binding affinity and catalytic activity Yang et al., 1990) , suggesting these two residues contribute to catalysis. Arg657 is not conserved among all RNases H (Fig. 2c ) and the contribution of this residue to catalysis remains unclear. According to the two-metal-ion catalysis mechanism (Nowotny et al., 2005) , two divalent cations (Mg 2+ or Mn 2+ ) must be present in the catalytic site for activity. In this study, the DC2 variant was crystallized from a solution that contained 5 mM MgCl 2 and the wild type RNase H was crystallized in the absence of divalent cations. Not surprisingly, we failed to observe divalent cations in the active site of the full-length enzyme, but no metal ions were seen also in the DC2 variant. The latter result agrees with previous studies indicating that, in the absence of a substrate or inhibitor, divalent cations were observed only when their concentration exceeded 10 mM (Nowotny et al., 2005) . enzymatically-active XMRV RNase H domain is also highly sensitive to inhibition. We therefore attempted to obtain a complex of the intact XMRV RNase H with b-thujaplicinol by soaking the crystals of the enzyme in solution containing 2 mM inhibitor and 20 mM MnCl 2 . Two manganese ions were clearly seen in the inhibitor complex, although the inhibitor itself was not well ordered. The distance between the two Mn 2+ ions is 3.94 Å and their positions correspond to the canonical A and B sites described for the related enzymes (Fig. 5) . The two metal ions were coordinated by the four carboxylate-bearing residues in the active site. Asp524 and Asp653 coordinated the metal ion present in site A, whereas Asp524, Asp583, and Glu562 coordinated the ion in site B. b-Thujaplicinol contains a tropolone ring and an acidic hydroxyl, carries a partial positive charge on the tropolone ring, and has a corresponding partial negative charge shared by the resonance involving its carbonyl and hydroxyls (Himmel et al., 2009 ). The partially negatively charged carbonyl and hydroxyls of the tropolone ring chelated the two divalent metal ions, and also formed ionic interactions or hydrogen bonds with the side chains of Asp524, Glu562, Asp583, His638, Asp653, and Arg657.
Modeling the XMRV RNase H domain complexed with a DNA/RNA hybrid
In the absence of an experimental structure of such a complex we created a model based on data obtained in this and previous studies. Although the crystal structures of human and B. halodurans RNase H complexed with DNA/RNA hybrids are available (Nowotny et al., 2005 (Nowotny et al., , 2007 , no equivalent structure is available for the isolated RNase H domain of retroviral RT. Since the structure reported here was obtained without a DNA/RNA hybrid, no direct identification of the contacts between enzyme and substrate could be made. However, due to the high overall folding similarity, a superposition of XMRV RNase H and human RNase H/hybrid complex provides clues on how retroviral RNase H might bind its substrate. The superposition of the XMRV and human RNases H indicated that helices A, B, C, and D are well aligned with the exception of the basic protrusion and the loop between b-strands 1 and 2. However, the basic protrusion of XMRV RNase H is involved in crystal contacts which may affect its conformation. In human RNase H the majority of enzyme-substrate contacts occur along the minor groove of the DNA/RNA hybrid, whereas the tip of the basic protrusion binds the major groove. The DNA and RNA backbones fit in two grooves of the protein surface (Nowotny et al., 2007) . According to the results of our superposition, the general enzyme-substrate binding mode also applies to XMRV RNase H, although we observed some clashes between the substrate and the side chains of the protein. Despite small differences in the binding modes for XMRV and human RNases H, the two structures are close enough that a convincing model can be built. Fig. 6 illustrates the substrate binding motif in the model of the complex. Similar to human RNase H, the surface of XMRV RNase H also contains two obvious grooves that should accommodate the backbones of RNA and DNA. The active site is located in the RNA binding groove (Fig. 6a) , and the distances between the four catalytic residues and the RNA backbone are in the range of 4-6.5 Å, which is reasonable for divalent cation-mediated catalysis. The binding regions interacting with the DNA/RNA hybrid minor groove include helices A, B, C, E, and b-strand 1. The His-loop and the loop between b-strand 4 and helix B make contacts with the RNA backbone, and the tip of the basic protrusion binds its major groove. Five consecutive ribonucleotides are potentially able to make contact with the protein. Critical interactions occur around the catalytic core, mediated by the side chain or main chain atoms of Ser526, Phe528, Leu529, Glu562, Arg585, Gly637, His638, and Arg657. DNA-protein interactions mainly occur at two regions. The first region is the so-called ''phosphate-binding pocket'' (Nowotny et al., 2005) , which is formed by Ser557, Gln559, and Asn613. Ser557 and Asn613 are equivalent, respectively, to Thr181 and Asn240 in human RNase H, which were proposed to form the phosphate-binding pocket. The second prominent binding site is located in the vicinity of helices B, C and the basic protrusion loop. The key residues Tyr586, His594, and Tyr598 provide stacking and hydrogen-bonded interactions. This indicates the key role of helix C in substrate binding and explains why the two variants of XMRV RNase H with that helix deleted only exhibit low or no enzymatic activity. Besides these six residues, other residues contributing to DNA-protein interactions include Arg534, Glu610, Lys612, and Lys640. Arg534 is located in b-strand 2, Glu610 and Lys612 are located in the basic protrusion loop, whereas Lys640 is located in the His-loop. These residues contribute their charge to the protein-nucleic acid interaction region (Fig. 6b ). Our proposed model of a complex between XMRV RNase H and a DNA/RNA hybrid thus provides a reasonable explanation of substrate recognition.
In conclusion, we presented here the first structure of an isolated full-length RNase H domain of the XMRV RT, providing experimental evidence for the conformation of helix C and the basic protrusion loop which was not available in the previous studies. The enzyme-inhibitor complex structure clearly elucidates the coordination of two metal ions and the recognition between the inhibitor and protein mediated by the two divalent cations. A model of the enzyme-substrate complex postulated a possible recognition mechanism between DNA/RNA hybrid and XMRV RNase H.
PDB accession codes
Atomic coordinates and structure factors have been deposited in the Protein Data Bank with accession codes 3V1O, 3V1Q, and 3V1R for the full-length RNase H, variant DC2, and the enzymeinhibitor complex, respectively.
